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An electro-hydraulic brake system includes a master cylin-
der block 1n communication with a reservoir tank containing
a brake fluid. A protrusion extends from the master cylinder
block to a terminal end. The master cylinder block defines a
channel extending along a center axis into the protrusion. A
pressure supply unit includes a housing defining a chamber
and 1s 1n communication with the reservoir tank. A displace-
ment piston, slidably disposed in the channel, extends
between a primary end located 1n the chamber and a sec-
ondary end located in the channel. An actuator 1s disposed
in the chamber, rotatably coupled to the displacement piston,
for axial movement along the center axis. A first anti-
rotational member 1s disposed 1n the channel, coupled to the
terminal end, for engaging the secondary end to prevent
rotation and translate rotational movement of the actuator
into the axial movement.
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ELECTRO-HYDRAULIC BRAKE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Patent Ser. No. 62/717,893, filed Aug. 12, 2018, and
China Application No. 201910634383.7, filed Jul. 19, 2019,

the entire disclosures of which are hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an electro-
hydraulic brake system for a vehicle.

2. Description of the Prior Art

As electric and hybrid vehicles continue to proliferate 1n
markets around the world, it 1s well understood that signifi-
cant lengthening of battery life can be obtained by utilizing
the motor-generator output capabilities of that device during
braking. However, the input torque in the generator mode
used to recharge batteries 1s not consistent with driver input
function of pedal force/travel verses vehicle deceleration. In
order to achieve that complex function, the hydraulic brakes
of the vehicle must supply the difference between generator
braking torque and driver requested braking torque.

The engineering world has understood this requirement
for a number of years commonly known as regenerative
brake blending. A most efficient way to achieve this 1s to use
a “brake-by-wire” technique. To accomplish this, the brake
pedal 1in effect becomes a joy stick, so 1t must be connected
to a travel and/or force sensor 1n order to send a signal to the
system ECU that will interpret this as driver’s intent of a
desired vehicle deceleration. In addition, the brake pedal
“feel” must be simulated by the appropriate force-travel
relationship and must also have the ability to be 1solated
from directly applying the master cylinder to the wheel
brakes.

As first noted regarding the proliferation of hybrid and
clectric vehicles i the world, there 1s another phenomenon
taking place as well, being the push for autonomous, seli-
driving vehicles. As a result, the Society of Automotive
Engineers (SAE) has developed guidelines for the path to
autonomy range from level 0 to level 5. Level 0 1s no
automation. Level 1 1s driver assistance required, e.g. adap-
tive cruise control. Level 2 1s partial automation, e.g. Cadil-
lac Super Cruise—driver keep hand on steering wheel.
Level 3 1s conditional automation, e.g. Audi Traflic Jam
Pilot. Level 4 1s high automation, e.g. seli-driving vehicle
with some very specific speed restrictions. Level 5 1s full
automation where the vehicle can operate at the same level
as a human drniver.

One such an electro-hydraulic brake system 1s disclosed
in U.S. Pat. No. 9,205,821. The electro-hydraulic system
includes a master cylinder block disposed in fluid commu-
nication with a reservoir tank containing a brake fluid. A
manifold block 1s disposed 1n fluid communication with the
master cylinder block for supplying the brake fluid from the
master cylinder block to wheel brakes of the vehicle. A
pressure supply umt, coupled to the master cylinder block,
1s 1n fluid communication with the reservoir tank for sup-
plying the brake fluid from the reservoir tank. The pressure
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2

supply unit includes a displacement piston. An actuator 1s
disposed 1n the chamber for moving the displacement piston.

SUMMARY OF THE INVENTION

The present invention provides an electro-hydraulic brake
system having improved response time which allows for an
immediate switching to a master cylinder mode which meets
a minimum of level 4 of the SAE’s path to autonomy range.
The present mvention also provides an electro-hydraulic
brake system that locks the pressure supply unit in response
to a pressure supply unit failure. In addition, the present
invention provides an easy to manufacture electro-hydraulic
brake system allowing the use of existing, low cost extrusion
and machining processes. The present invention further
provides an electro-hydraulic brake system having improved
cooling.

It 1s one aspect of the present immvention to provide an
clectro-hydraulic brake system for a vehicle. The electro-
hydraulic brake system includes a master cylinder block
disposed in fluid communication with a reservoir tank
containing a brake fluid. A protrusion extends outwardly
from a rear surface of the master cylinder block to a terminal
end. The master cylinder block defines a channel extending
along a center axis into the protrusion and spaced from the
terminal end. A pressure supply unit, coupled to the master
cylinder block, 1s 1n fluid communication with the reservoir
tank for supplying the brake fluid from the reservoir tank.
The pressure supply unit includes a housing defining a
chamber. A displacement piston, slidably disposed in the
channel, extends along the center axis between a primary
end and a secondary end. The primary end 1s disposed 1n the
chamber. The secondary end 1s disposed in the channel. An
actuator 1s disposed in the chamber, rotatably coupled to the
displacement piston, for moving the displacement piston
along the center axis. A first anti-rotational member 1is
disposed 1n the channel, coupled to the terminal end, for
engaging the secondary end of the displacement piston to
prevent rotation of the displacement piston and translate
rotational movement of the actuator into an axial movement.

It 1s another aspect of the present invention to provide an
clectro-hydraulic brake system for a vehicle. The electro-
hydraulic brake system includes a master cylinder block
disposed in fluid communication with a reservoir tank
containing a brake fluid. A manifold block 1s disposed 1n
fluid communication with the master cylinder block for
supplying the brake fluid from the master cylinder block to
wheel brakes of the vehicle. A protrusion extends outwardly
from a rear surface of the master cylinder block to a terminal
end. The master cylinder block defines a channel extending
along a center axis into the protrusion and spaced from the
terminal end. A pressure supply unit, coupled to the master
cylinder block, 1s 1 fluid communication with the reservoir
tank for supplying the brake fluid from the reservoir tank.
The pressure supply unit includes a housing defining a
chamber. A displacement piston, slidably disposed in the
channel, extends along the center axis between a primary
end and a secondary end. The primary end 1s disposed 1n the
chamber. The secondary end 1s disposed in the channel. An
actuator 1s disposed in the chamber, rotatably coupled to the
displacement piston, for moving the displacement piston
along the center axis. A first anti-rotational member 1is
disposed 1n the channel, coupled to the terminal end, for
engaging the secondary end of the displacement piston to
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prevent rotation of the displacement piston and translate
rotational movement of the actuator into an axial movement.

BRIEF DESCRIPTION OF THE

DRAWINGS

Other advantages of the present invention will be readily
appreciated, as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings
wherein:

FIG. 1 1s a perspective view of an electro-hydraulic brake
system 1n accordance with one embodiment of the preset
invention;

FIG. 2 1s a rear perspective view of a master cylinder
block of the electro-hydraulic brake system;

FIG. 3 1s a schematic view of the master cylinder block
and the electronic control unait;

FIG. 4 1s an enlarged schematic view of the master
cylinder block imncluding a primary valve, a secondary valve,
and a pair ol boost valves;

FIG. 5 1s an fragmentary cross-sectional view of the
master cylinder block including a pressure supply unit;

FIG. 6 1s an fragmentary cross-sectional view of the
master cylinder block including a pressure supply unit and
a first electronic control unait;

FIG. 7 1s an fragmentary cross-sectional view of the
master cylinder block including a pressure supply unit and
a first anti-rotational member;

FIG. 8 1s an enlarged side view of the front view of the
first anti-rotational member;

FIG. 9 1s a schematic view of one embodiment of the
clectro-hydraulic brake system used with a rear-wheel drive
vehicle; and

FIG. 10 1s a schematic view of an alternative embodiment
of the electro-hydraulic brake system used with a front-
wheel drive vehicle.

DESCRIPTION OF THE ENABLING
EMBODIMENT

Referring to the Figures, wherein like numerals indicate
corresponding parts throughout the several views, an elec-
tro-hydraulic brake system 20 constructed in accordance
with one embodiment of the present invention 1s generally
shown in FIG. 1. Typically, the electro-hydraulic brake
system 20 can be implemented 1 an automobile vehicle
having four wheel brakes 22, 24, 26, 28 including a pair of
front wheel brakes 22, 24 and a pair rear wheel brakes 26,
28.

Referring to FI1G. 1, the electro-hydraulic brake system 20
1s a two-box system including a master cylinder block 30 1n
fluid communication with a manifold block 32. The master
cylinder block 30, having a generally rectangular shape,
includes a plurality of surfaces having a top surface 34, a
bottom surface 36, a pair of side surfaces 38, a front surface
40 and a rear surtace 42. The top and the bottom surfaces 34,
36 are opposite and spaced from one another. The side
surfaces 38, opposite and spaced from one another, connect
the top surface 34 and the bottom surface 36 to one another
establishing the rectangular shape. The front and rear sur-
taces 40, 42 connect to the top, the bottom, and the side
surfaces 38 forming the master cylinder block 30. The front
surtace 40 of the master cylinder block 30 defines a primary
opening 44 and a secondary opening 46 for fluid connection
with the manifold block 32.

The manifold block 32, also having a generally rectan-
gular shape and spaced from the master cylinder block 30,
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1s 1n fluid communication with the wheel brakes 22, 24, 26,
28 for supplying a brake fluid from the master cylinder block
30 to the wheel brakes 22, 24, 26, 28 of the vehicle. The
mamnifold block 32 defines a primary inlet 48 and a secondary
inlet 50, each having a generally circular shape, for fluid
connection with the master cylinder block 30. At least one
fluid connection line 52, 54 extends between the master
cylinder block 30 and the manifold block 32 connecting the
master cylinder block 30 with said manifold block 32 to
establish a fluid connection from the master cylinder block
30 to the wheel brakes 22, 24, 26, 28 of the vehicle. The at
least one fluid connection line 52, 534 includes a primary
fluid connection line 52 and a secondary fluid connection
line 54. The primary fluid connection line 52 extending
between the primary inlet 48 of the manifold block 32 and
the primary opening 44 of the master cylinder block 30. The
secondary flud connection line 354 extends between the
secondary ilet 50 of the manifold block 32 and the sec-
ondary opening 46 of the master cylinder block 30. In other
words, the primary inlet 48 1s 1n fluid communication with
the primary opening 44 and the secondary inlet 50 1s 1 fluid
communication with the secondary opening 46.

A reservorr tank 56 connects to the top surface 34 of the
master cylinder block 30 for containing and supply brake
fluids to the electro-hydraulic brake system 20. As best
illustrated 1n FIG. 2, the top surface 34 of the master cylinder
block 30 defines a plurality of holes 58, each having a
generally circular shape and spaced from one another, 1n
fluid communication with the reservoir tank 56 to allow tluid
transier between the reservoir tank 56 and the master cyl-
inder block 30. One of the side surfaces 38 defines a bore 60,
having a generally cylindrical shape, disposed adjacent to
the top surface 34 and in fluid communication with the holes
58. The bore 60 extends along the master cylinder block 30
parallel to the top and bottom surfaces 34, 36 and terminat-
ing at a distal end 62 spaced from another one of the side
surfaces 38.

As best 1llustrated 1n FIG. 3, the master cylinder block 30
has at least one brake piston 64, 66 slidably disposed 1n the
bore 60. The at least one brake piston 64, 66 includes a
primary piston 64 and a secondary piston 66 disposed 1n a
tandem relationship with one another. The secondary piston
66, having a generally U-shaped cross-section, 1s located 1n
the bore 60 adjacent to the distal end 62 of the bore 60. The
primary piston 64, having a generally H-shaped cross-
section, 1s located 1n the bore adjacent and spaced from the
secondary piston 66. Each of the pistons 64, 66 define at
least one aperture 68 for regulating the flow of the brake
fluid from the reservoir tank 56 to the bore 60. In another
arrangement, instead of the two pistons 64, 66 being dis-
posed 1n a tandem relationship with one another, the present
invention can 1mclude one piston disposed 1n the bore 60 for
regulating the tlow of the brake fluid.

A push rod 70, slidably disposed in the bore 60, extends
between a first end 72 and a second end 74 for moving the
at least one piston 64, 66 in the bore 60. The first end 72 1s
in an abutment relationship with the primary piston 64. The
second end 74 1s coupled to a brake pedal 76 for allowing a
user to move the pistons 64, 66, via the brake pedal 76,
between an opened position and a closed position. The
opened position 1s defined as the at least one aperture 68
being 1n communication or alignment with the holes 58 for
allowing the brake fluid to flow from the reservoir tank 56,
through the at least one aperture 68, to the bore 60. The
closed position 1s defined as the pistons 64, 66 covering the
holes 38 to prevent the brake fluid from flowing from the
reservolr tank 56 to the bore 60 and apply a brake fluid
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pressure to the electro-hydraulic brake system 20. A force
sensor 78 connected to the pedal 76 for determining the
amount of force applied to the pedal 76 by the user.

At least one elastic member 80, 82 1s disposed 1n the bore
60 for returming the pistons 64, 66 from the closed position
to the opened position. The at least one elastic member 80,
82 includes a first elastic member 80 and a second elastic
member 82. The first elastic member 80 1s located between
the distal end 62 and the secondary piston 66. The second
clastic member 82 1s located between the secondary piston
66 and the primary piston 64. The master cylinder block 30
turther defines a primary orifice 84 and a secondary orifice
86 for supplying the brake tluid to the manifold block 32 1n
the closed position. The primary orifice 84 1s located adja-
cent to and spaced from the primary piston 64 and the hole
58. The secondary orifice 86 1s located adjacent to and
spaced from the secondary piston 66 and the hole 58.

A pedal feel emulator 90 connects to the primary orifice
84 for providing a resistance force to the primary piston 64
and the pedal 76 in response to the user pushing the pedal 76
to provide a resistance force to the user which simulates the
teel of pressing the pedal 76. The pedal feel emulator 90
includes a pedal feel accumulator 92, a pedal feel line 94, a
pedal feel check valve 96, and a pedal feel valve 98. The
pedal feel line 94 extends between the pedal feel accumu-
lator 92 and the primary orifice 84 connecting the pedal feel
accumulator 92 with the primary orifice 84 for supplying
brake fluid to the primary orifice 84 to establish the resis-
tance force. The pedal feel check valve 96 1s located 1n the
pedal feel line 94 between the pedal feel accumulator 92 and
the primary orifice 84 for allowing the brake fluid to flow
from the pedal feel accumulator 92 to the primary orifice 84
while preventing backflow of the brake fluid flow 1nto the
pedal feel accumulator 92. The pedal feel valve 98 1s located
between the pedal feel accumulator 92 and the primary
orifice 84, in a parallel relationship with the pedal feel check
valve 96, allowing the brake fluid flow from the pedal feel
accumulator 92 to the primary orifice 84. The pedal feel
emulator 92 can further include a pressure sensor 100
located between the pedal feel check valve 96, the pedal feel
valve 98, and the primary orifice 84 for monitoring the
pressure ol the brake fluid 1n the pedal feel line 94.

As best 1llustrated in FIG. 4, the master cylinder block 30
includes a first line 102 connecting the pedal feel line 94 to
the primary opeming 44 for Supplymg the brake fluid from
the pedal feel line 94 to the primary opening 44. A primary
valve 104 1s located 1n the first line 102 for regulating the
brake fluid tlow from the pedal feel line 94 to the primary
opening 44. A second line 106 connects the secondary orifice
86 with the secondary opening 46 for supplying the brake
fluid to the secondary opening 46. A secondary valve 108 1s
located 1n the second line 106 for regulating the brake fluid
flow from the secondary orifice 86 to the secondary opening
46.

As best shown 1n FIGS. 5 and 6, the master cylinder block
30 has a protrusion 110 located on the rear surface 42 of the
master cylinder block 30, adjacent to said bottom surface 36,
extending perpendicularly outwardly from the rear surface
42 to a terminal end 112. The front surface 40 of the master
cylinder block 30 defines a channel 114, having a generally
cylindrical shape, adjacent to the bottom surface 36 and
extending along a center axis A through the front surface 40
and the rear surface 42 into the protrusion 110 and termi-
nating prior to the terminal end 112 of the protrusion 110.
The master cylinder block 30 defines a first perforation 116
and a second perforation 118 1n fluid communication with
the channel 114. The first perforation 116 1s located adjacent
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to the terminal end 112 of the protrusion 110 and connects
to the primary and secondary openings 44, 46. The second
perforation 118 1s located between the front surface 40 and
the rear surface 42 and connects to the reservoir tank 56 and
the primary and secondary openings 44, 46.

A pressure supply unit 120 attaches to the front surface 40
of the master cylinder block 30, perpendicular to the front
surface 40, covering the channel 106 and 1n fluid commu-
nication with the reservoir tank 56 for supplying the brake
fluid from the reservoir tank 56 to the mamfold block 32 for
providing braking and deceleration to the vehicle. The
pressure supply unit 120 has a housing 122, having a
generally cylindrical shape, extending along the center axis
A, between an opened end 124 and a closed end 126. The
housing 122 defines a chamber 128, having a generally
cylindrical shape, extending between the opened end 124
and the closed end 126. A plurality of fasteners 130 extends
through the housing 122 attaching the pressure supply unit
120 to the master cylinder block 30.

A displacement piston 132, having a generally tubular
shape, 1s slidably disposed 1n the channel 114 and extends
along the center axis A between primary end 134 and a
secondary end 136. The primary end 134 1s located 1n the
chamber 128 and the secondary end 136 1s located adjacent
to the terminal end 112. An intermediate portion 138, having
a generally circular shape, 1s attached to the displacement
piston 132 between the primary end 134 and the secondary
end 136 defining a first compartment 140 and a second
compartment 142. The first compartment 140, in fluid com-
munication with the chamber 128, extends between the
primary end 134 and the intermediate portion 138. The
second compartment 142, 1n fluid communication with the
channel 114, extends between the secondary end 136 and the
intermediate portion 138. The displacement piston 132
defines at least one passage 143 located adjacent to the
primary end 138 for allowing the brake fluid to flow through
the displacement piston 132.

Referring back to FIGS. 3 and 4, the master cylinder block
30 has a displacement piston line 144 connecting the first
perforation 116 to the second perforation 118. In addition,
the displacement piston line 144 also connects to the first
line 102 and the second line 104 to facilitate with the transfer
of the brake fluid to the manifold block 32. A displacement
piston check valve 146 1s located in the displacement piston
line 144 between the first perforation 116 and the second
perforation 118 to prevent backilow of the brake fluid
through the first perforation 116.

A pair of boost valves 148, 150, located 1n the displace-
ment piston line 144, regulates the brake fluid flow from the
pressure supply umt 120 to the primary opening 44 and the
secondary opening 46. In other words, the boost valves 148,
150 allows and prevents the brake fluid from flowing
through the displacement piston line 144. The boost valves
148, 150 include a primary boost valve 148 and a secondary
boost valve 150. The primary boost valve 148 1s located 1n
the displacement piston line 144, 1n a parallel relationship
with said primary valve 104, between the displacement
piston check valve 146 and the primary opening 44. The
secondary boost valve 150 1s located in the displacement
piston line 144, 1n a parallel relationship with said secondary
valve 108, between the displacement piston check valve 146
and the secondary opening 46. A first fluid transfer line 152
connects the primary boost valve 148 and the primary valve
104 to the primary opening 44. A second fluid transfer line
153 connects the secondary boost valve 150 and the sec-
ondary valve 108 to the secondary opening 46. The arrange-
ment of the boost valves 148, 150, the primary valve 104,
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and the secondary valve 108 allows the master cylinder
block 30 to immediately switch from using the pressure
supply unit 120 to the pistons 64, 66 in response to a failure
of the pressure supply unit.

As best shown in FIGS. 3 and 5, an actuator 154 1s
disposed 1n the chamber 128 and rotatably coupled to the
displacement piston 132 for moving the displacement piston
132 along the center axis A between an extended position
and a retracted position. The extended position 1s defined as
the secondary end 136 of the displacement piston 132 being,
disposed adjacent to the terminal end 112 of the protrusion
110 to increase the brake fluid pressure 1n the electro-
hydraulic brake system 20 and supply the brake fluid to the
primary and secondary openings 44, 46. The retracted posi-
tion 1s defined as the primary end 134 of the displacement
piston 132 being disposed adjacent to the closed end 126 of
the housing 122 to reduce the brake fluid pressure 1n the
clectro-hydraulic brake system 20. While in the retracted
position, the passage 143 1s also in alignment with the
second perforation 118 to allow brake fluid flow from the
reservoir tank 56 to the channel 114.

A rotor 156, having a generally U-shaped cross-section, 1s
disposed in the chamber 128 and extends along the center
axis A. One end of the rotor 156 1s rotatably attached to the
closed end 126 of the housing 122. Another end of the rotor
156 1s 1n an abutment relationship with the front surface 40
of the master cylinder block 30. A plurality of bearings 158,
located 1n the chamber 128 and between the housing 122 and
the rotor 156, allows the rotor 156 to rotate about the center
axis A relative to the housing 122. A threaded shatt 160,
having a generally cylindrical shape, extends along the
center axis A with one end of the threaded shait 160 coupled
to the rotor 156 for rotation with the rotor 156. The threaded
shaft 160 extends into the first compartment 140 and 1s
spaced from the displacement piston 132. A threaded bush-
ing 162, having a generally tubular shape, disposed in the
first compartment 140 between the threaded shaft 160 and
the displacement piston 132 and extends annularly about the
center axis A. A plurality of ball screws 164, disposed 1n the
first compartment 140, between the threaded shatt 160 and
the threaded bushing 162 and about said center axis, allows
the threaded shaft 160 to rotate about the displacement
piston 132 and move the displacement piston 132 along the
center axis A between the extended position and the
retracted position. A rev counter 166 1s attached to the
master cylinder block 30 and 1s coupled to the secondary end
136 of the rotor 156 for monitoring the rotation of the rotor
156.

A plurality of sleeves 168, 170, including a first sleeve
168 and a second sleeve 170, 1s disposed in the chamber 128
to facilitate with the rotation of the rotor 156. The first sleeve
168 1s located in the chamber 128, attached to the housing
122 and radially spaced from the rotor 156, extending about
the center axis A. The second sleeve 170 1s located 1n the
chamber 128, attached to the rotor 156 and radially spaced
from the first sleeve 168, extending annularly about the
center axis A. A pair of bobbins 172, spaced from one
another, 1s disposed adjacent to the first sleeves 168 sand-
wiching the first sleeve 168 between the bobbins 172. A
plurality of coils 174 extends about the bobbins 172 and the
center axis A. The coils 174 are electrically connected to a
power source 176 to receive power and generate a magnetic
field to facilitate with the rotation of the rotor 156.

As best shown 1in FIGS. 1 and 6, the master cylinder block
30 has a first electronic control unit 176 coupled to the rear
surface 42 of the master cylinder block 30 and 1n an
abutment relationship with the protrusion 110 allowing the
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master cylinder block 30 to also serve as a heat sink or
ground for the first electronic control unit 176. The first
clectronic control unit 176 1s 1n communication with the
boost valves 148, 150, the pressure supply unit 120 and the
force sensor 88 to selectively control the boost valves 148,
150 and the pressure supply unit 120 and regulate the fluid
pressure Irom the master cylinder block 30 to the manifold

block 32 based on a feedback received from the force sensor
88.

As best illustrated in FIGS. 5-8, a first anti-rotational
member 178 1s disposed 1n the channel 114, coupled to the
terminal end 112 for engaging the secondary end 136 of the
displacement piston 132 to prevent rotation of the displace-
ment piston 132 and translate the rotational movement of the
actuator 154 into an axial movement. In other words, to
move the displacement piston 132 from the retracted posi-
tion to the extended position, the rotor 156 rotates the
threaded shaft 160. The first anti-rotational member 178
engages the secondary end 136 of the displacement piston
132 thereby preventing displacement piston 132 from rotat-
ing with the threaded shaft 160. Accordingly, the threaded
bushing 162 and the ball screws 164 translate the rotational
movement of the threaded shaft 160 into an axial movement
thereby moving the displacement piston 132 axially 1n the
channel 114 between the extended position and the retraced
position. In addition, 1n the event of a pressure supply unit
120 failure, the first-anti rotational member 178 restricts the
rotational movement of the displacement piston 132 thereby
locking the displacement piston 132 1n its position to prevent
changes in the brake fluid pressure 1n the electro-hydraulic
brake system 20. A second anti-rotational member 180 1s
located between the actuator 154 and the primary end 134 of
the displacement piston 132 to prevent rotation of the
displacement piston 132 and translate rotational movement
of the actuator 154 into an axial movement. In one arrange-
ment, the second anti-rotational member 180 1s located
between the threaded bushing 162 and the displacement
piston 132 and attaches to the threaded bushing 162 and the
displacement piston 132. By fixating the threaded bushing
162 to the displacement piston 132, the second anti-rota-
tional member 180 prevents the threaded bushing 162 from
rotating with the threaded shaft 160. While working in
conjunction with the first anti-rotational member 178, the
second anti-rotational member 180 translates the rotational
movement of the actuator 154 mto an axial movement.

As best 1llustrated 1n FIGS. 7-8, the first anti-rotational
member 178 has a body 182 disposed in the channel 114.
One end of the body 182 attaches to the terminal end 110 of
the protrusion 112 and extends outwardly from the terminal
end 110 along the center axis A to a body end 184. The
protrusion 110 includes a boss 186, located in the channel
114, extending outwardly from the terminal end 112 and
annularly about the center axis A to define a recess 188 for
receiving the body 182. In other words, the body 182 of the
first anti-rotational member 178 can be simply press fitted
into the recess 188 thereby reducing the cost 1n manufac-
turing the electro-hydraulic brake system 20. The body 182
includes a pair of projections 190 extending radially out-
wardly from the body 182 and 1n an abutment relationship
with the boss 186. The boss 186 defines a pair of slots 192,
opposite ol one another, for receiving the projections 190 to
prevent the rotation of the body 182. In other words, as the
body 182 is being press fitted into the recess 188, the slots
192 of the boss 186 also receive the projections 190 pre-
venting any rotational movement of the body 182. A pair of
nubs 194 extends radially outwardly from the body end 182,
opposite of one another and perpendicular to the center axis
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A, for engaging the displacement piston 132. A cap 196 1s
disposed on each one of the nubs 194 and 1s 1n an abutment
relationship with the displacement piston 132. The displace-
ment piston 132 further defines a pair of grooves 198,
opposite and spaced ol one another, extending from the
secondary end 136 toward the primary end 138 for receiving
the nub 194 and the cap 196 to prevent the rotational
movement of the displacement piston 132.

FI1G. 9 1llustrates the electro-hydraulic brake assembly 20
in accordance with one embodiment of the present inven-
tion. More specifically, FIG. 9 shows the electro-hydraulic
brake assembly 20 being used 1n connection with a rear
wheel drive vehicle. The manifold block 32, also known as
the stability control unit 32, connects to the master cylinder

block 30 to receive the brake flmd from the master cylinder
block 30 and supplies the brake fluid to the wheel brakes 22,

24, 26, 28 of the vehicle.

The manifold block 32 defines a plurality of outlets 200,
202, 204, 206 for fluid connection with the wheel brakes 22,
24, 26, 28 to supply the brake tfluid to the wheel brakes 22,
24, 26, 28. The outlets 200, 202, 204, 206 include a first
outlet 200, a second outlet 202, a third outlet 204, and a
tourth outlet 206, spaced from one another. The first outlet
200 15 1n fluid communication with a right front wheel brake
24. The second outlet 202 1s 1n fluid communication with a
left front wheel brake 22. The third outlet 204 1s 1 fluid
communication with a right rear wheel brake 28. The fourth
outlet 206 1s 1n fluid communication with a leit rear wheel
brake 26. The primary inlet 48 1s in communication with the
third outlet 204 and the fourth outlet 206 for transierring the
brake fluid to the left rear wheel brake 26 and the right rear
wheel brake 28. The secondary 1nlet 50 1s 1n communication
with the first outlet 200 and the second outlet 202 for
transierring the brake fluid to the left front wheel brake 22
and the right front wheel brake 24.

A plurality of stability valves 208, 210, 212, 214 are
located between the inlets 48, 50 and the outlets 200, 202,
204, 206 for controlling the flow of the brake fluid and
varying the brake fluid pressure at the wheel brakes 22, 24,
26, 28 to provide rnide stability to the user. The plurality of
stability valves 208, 210, 212, 214 includes a first set of
stability valves 208, a second set of stability valves 210, a
third set of stability valves 212, and a fourth set of stability
valves 214. The first set of stability valves 208 are located
between the first outlet 200 and the secondary inlet 50 for
controlling the flow of the brake fluid from the second inlet
130 to the night front wheel brake 24. The second set of
stability valves 210 are located between the second outlet
202 and the secondary inlet 50 for controlling the tlow of the
brake fluid from the second inlet 50 to the left front wheel
brake 22. The third set of stability valves 212 are located
between the third outlet 204 and the first inlet 48 for
controlling the flow of the brake fluid from the first inlet 48
to the right rear wheel brake 28. The fourth set of stability
valves 214 are located between the fourth outlet 206 and the
first inlet 48 for controlling the flow of the brake fluid from
the first inlet 48 to the left rear wheel brake 26.

The mamifold block 32 further includes at least one
manifold accumulator 216, 218 disposed 1n fluid communi-
cation with the stability valves 208, 210, 212, 214. In one
arrangement, the at least one manifold accumulator 216, 218
includes a first manifold accumulator 216 and a second
manifold accumulator 218. The first manifold accumulator
216 1s 1n fluid communication with the first and second set
of stability valves 208, 210. The second manifold accumu-
lator 218 1s 1n fluid communication with the third and fourth
set of stability valves 212, 214. A front wheel brake pump
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220 1s disposed between the first and the second sets of
stability valves 208, 210 and the first mamifold accumulator
216 for supplying a fluid pressure to the front wheel brakes
22, 24. A rear wheel brake pump 222 1s disposed between the
third and the fourth sets of stability valves 212, 214 and the
second manifold accumulator 218 for supplying a fluid
pressure to the rear wheel brakes 26, 28. A motor 224
connects to the front wheel brake pump 220 and the rear
wheel brake pump 222 for driving the front wheel brake
pump 220 and the rear wheel brake pump 222 to provide the
fluid pressure to the front wheel brake 22, 24 and the rear
wheel brake 26, 28. It should be apprecmted that each of the
wheel brakes 22, 24, 26, 28 can include at least one wheel
brake sensor (not shown) for monitoring the brake tluid
pressure.

A second electronic control unit 226 attaches to the
manifold block 32 for controlling the manifold block 32.
The manifold block 1s 1n electronic communication with the
sensor, the stability valves 208, 210, 212, 214, and the motor
224. Based on the feedback received from the wheel brake
sensor (not shown), the electronic control unit 226 can
selectively open/close the stability valves 208, 210, 212, 214
and vary the speed of the motor 224 to adjust the fluid
pressure within the manifold block 32 to provide stability to
the vehicle. It should be appreciated that the second elec-
tronic control unit 226 can also be 1n electronic communi-
cation with the first electronic control unit 176 to receive
teedback from the master cylinder block 30 and control the
stability of the vehicle.

FIG. 10 illustrates the electro-hydraulic brake assembly
20 m accordance with an alternative embodiment of the
present 1mvention. More specifically, FIG. 10 shows the
clectro-hydraulic brake assembly 20 being used 1n connec-
tion with a front wheel dnive vehicle. Similar to the electro-
hydraulic brake system in FIG. 9, the manifold block 32
connects to the master cylinder block 30 to receive the brake
fluid from the master cylinder block 30 and supplies the
brake fluid to the wheel brakes 22, 24, 26, 28 of the vehicle.

The manifold block 32 defines a plurality of outlets 200,
202, 204, 206 for fluid connection with the wheel brakes 22,
24, 26, 28 to supply the brake fluid to the wheel brakes 22,
24, 26, 28. The outlets 200, 202, 204, 206 include a first
outlet 200, a second outlet 202, a third outlet 204, and a
fourth outlet 206, spaced from one another. The first outlet
200 15 1n fluid communication with a right front wheel brake
24. The second outlet 202 1s 1n fluid communication with a
lett front wheel brake 22. The third outlet 204 1s in fluid
communication with a right rear wheel brake 28. The fourth
outlet 206 1s m fluud commumication with a left rear wheel
brake 26. The primary inlet 48 1s in communication with the
first outlet 200 and the second outlet 202 for transferring the
brake fluid to the left front wheel brake 22 and the right front
wheel brake 24. The secondary 1nlet 50 1s 1n communication
with the third outlet 204 and the fourth outlet 206 for
transterring the brake fluid to the left rear wheel brake 26
and the nght rear wheel brake 28.

A plurality of stability valves 208, 210, 212, 214 are
located between the inlets 48, 50 and the outlets 200, 202,
204, 206 for controlling the flow of the brake fluid and
varying the brake fluid pressure at the wheel brakes 22, 24,
26, 28 to provide ride stability to the user. The plurality of
stability valves 208, 210, 212, 214 includes a first set of
stability valves 208, a second set of stability valves 210, a
third set of stability valves 212, and a fourth set of stability
valves 214. The first set of stability valves 208 are located
between the first outlet 200 and the primary inlet 48 for
controlling the flow of the brake fluid from the primary 1nlet
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48 to the right front wheel brake 24. The second set of
stability valves 210 are located between the second outlet
202 and the primary inlet 48 for controlling the tlow of the
brake fluid from the primary inlet 48 to the left front wheel
brake 22. The third set of stability valves 212 are located
between the third outlet 204 and the secondary inlet 50 for
controlling the flow of the brake fluid from the first inlet 48
to the right rear wheel brake 28. The fourth set of stability
valves 214 are located between the fourth outlet 206 and the
secondary inlet 50 for controlling the tlow of the brake fluid
from the secondary inlet 50 to the leit rear wheel brake 26.

The mamifold block 32 further includes at least one
manifold accumulator 216, 218 disposed 1n fluid communi-
cation with the stability valves 208, 210, 212, 214. In one
arrangement, the at least one manifold accumulator 216, 218
includes a first manifold accumulator 216 and a second
manifold accumulator 218. The first manifold accumulator
216 1s 1n fluid communication with the first and second set
of stability valves 208, 210. The second manifold accumu-
lator 218 1s 1n fluid communication with the third and fourth
set of stability valves 212, 214. A front wheel brake pump
220 1s disposed between the first and the second sets of
stability valves 208, 210 and the first manifold accumulator
216 for supplying a fluid pressure to the front wheel brakes
22, 24. Arear wheel brake pump 222 1s disposed between the
third and the fourth sets of stability valves 212, 214 and the
second manifold accumulator 218 for supplying a tluid
pressure to the rear wheel brakes 26, 28. A motor 224 1s
connected to the front wheel brake pump 220 and the rear
wheel brake pump 222 for driving the front wheel brake
pump 220 and the rear wheels brake pump 222 to provide
the fluid pressure to the front wheel brakes 22, 24 and the
rear wheel brakes 26, 28.

In normal operation, when the user start the vehicle, the
clectro-hydraulic brake system 20 becomes energized.
When energized, the primary valve 104 and the secondary
valve 108 close the fluild communication between the bore
60 and the primary and secondary openings 44, 46. At the
same time, the primary and secondary boost valve 148, 150
open the displacement piston line 144 allowing fluid com-
munication between the pressure supply unit 120 and the
primary and secondary openings 44, 46. As the user applies
a force to the pedal 76, the force sensor 88 measures the
applied force and sends a signal to the first electronic control
unit 176. In response, the brake feel emulator 90 applies a
resistance force, via an increase 1n the brake fluid pressure,
in the bore 60 to provide the user with a feel. At the same
time, the first electronic control unit 176 sends a signal to the
pressure supply unit 120 instructing the pressure supply unit
120 to supply a brake fluid pressure to the manifold block 32
via the displacement piston line 144 and the primary and
secondary openings 44, 46.

To supply the brake fluid pressure to the manifold block
32, the displacement piston 132 1s moved from the retracted
position to the extended position. While in the retracted
position, the passage 143 1s in alignment with the second
perforation 118 to allow the brake fluid to tlow from the
reservoir tank 56 to the channel 114. As the displacement
piston 132 moves from the retracted position to the extended
position, the displacement piston 132 pushes the brake fluid
in the channel 114 through the first and second perforation
116, 118 to the primary and secondary openings 44, 46. To
move the displacement piston 132 from the retracted posi-
tion to the extended position, the rotor 156 rotates the
threaded shaft 160. The first anti-rotational member 178
engages the secondary end 136 of the displacement piston
132 thereby preventing displacement piston 132 from rotat-
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ing with the threaded shait 160. Accordingly, the threaded
bushing 162 and the ball screws 164 translate the rotational
movement of the threaded shaft 160 into an axial movement
thereby moving the displacement piston 132 axially in the
channel 114 between the extended position and the retraced
position.

In the event of a pressure supply unit 120 failure, upon
receiving a signal from the first electronic control unit 176,
the primary and secondary boost valves 148, 150 deactivates
to prevent any brake fluid tlow from the displacement piston
line 144 to the primary and secondary openings 44, 46. At
the same time, the primary and the secondary valves 104,
106 open thereby allowing brake fluid flow from the bore 60,
via the actions of the pistons 64, 66, to the primary and
secondary openings 44, 46. In other words, when the pres-
sure supply unit 120 fails, the primary and secondary boost
valves 148, 150 deactivates thereby cutting off the brake
fluid flow from the displacement piston line 144. At the same
time, the primary and the secondary valves 104, 106 acti-
vates thereby allowing the brake fluid to flow from the bore
60, via the actions of the pistons 64, 66, ¢.g. the master
cylinder mode, to the primary and secondary openings 44,
46 to supply the brake fluid to the manifold block 32. In
addition, during the pressure supply unit 120 failure, the
first-ant1 rotational member 178 restricts the rotational
movement of the displacement piston 132 thereby locking
the displacement piston 132 1n its position to prevent
changes 1n the brake fluid pressure in the electro-hydraulic
brake system 20.

Obviously, many modifications and variations of the
present invention are possible 1n light of the above teachings
and may be practiced otherwise than as specifically
described while within the scope of the appended claims.
These antecedent recitations should be interpreted to cover
any combination in which the inventive novelty exercises its
utility. The use of the word “said” in the apparatus claims
refers to an antecedent that 1s a positive recitation meant to
be included 1n the coverage of the claims whereas the word
“the” precedes a word not meant to be included in the
coverage of the claims.

What 1s claimed 1s:

1. An electro-hydraulic brake system for a vehicle, com-
prising;:

a master cylinder block disposed 1n fluid communication

with a reservoir tank containing a brake fluid;

a protrusion extending outwardly from a rear surface of
said master cylinder block to a terminal end;

said master cylinder block defining a channel extending
along a center axis 1nto said protrusion and spaced from
said terminal end;

a pressure supply unit coupled to said master cylinder
block and in fluid communication with said reservoir
tank for supplying the brake fluid from said reservoir
tank;

said pressure supply unit including a housing defining a
chamber:

a displacement piston slidably disposed in said channel
and extending along said center axis between a primary
end and a secondary end with said primary end being
disposed 1n said chamber and said secondary end being
disposed 1n said channel;

an actuator disposed 1 said chamber and rotatably
coupled to said displacement piston for moving said
displacement piston along said center axis; and

a first anti-rotational member disposed in said channel and
coupled to said terminal end for engaging said second-
ary end of said displacement piston to prevent rotation
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of said displacement piston and translate rotational
movement of said actuator into an axial movement.

2. The electro-hydraulic brake system accordingly to

claim 1 further including a second anti-rotational member
located between said actuator and said primary end of said
displacement piston to translate rotational movement of said
actuator mto an axial movement.

3. The electro-hydraulic brake system according to claim

1 wherein said first anti-rotational member includes a body
disposed in said channel, attached to said terminal end,
extending outwardly from said terminal end along said
center axis to a body end.

4. The electro-hydraulic brake system according to claim

3 further including a boss extending outwardly from said
terminal end and defining a recess for receiving said body.

5. The electro-hydraulic brake system according to claim

4 wherein said body includes a pair of projections extending
radially outwardly from said body and in an abutment
relationship with said boss.

6. The electro-hydraulic brake system according to claim

5 wherein said boss defines a pair of slots disposed dia-
metrically opposite of one another for receiving said pro-
jections to prevent the rotation of said body.

7. The electro-hydraulic brake system according to claim

3 further including a pair of nubs extending radially out-
wardly from said body end, opposite of one another and
perpendicular to said center axis to a pair of nub ends, for
engaging said displacement piston.

8. The electro-hydraulic brake system according to claim

7 further mcluding a cap disposed on each one of said nub
ends for engaging said displacement piston.

9. The electro-hydraulic brake system according to claim

8 wherein said displacement piston defines a pair of grooves,
opposite and spaced of one another, extending from said
secondary end toward said primary end for receiving said
nub and said cap to prevent said displacement piston from
rotating about said center axis.

10. The electro-hydraulic brake system according to claim

9 wherein said displacement piston 1s disposed in a perpen-
dicular relationship relative to a front surface of said master
cylinder block.

11. An electro-hydraulic brake system for a vehicle,

comprising:

a master cylinder block disposed 1n flmid commumnication
with a reservoir tank containing a brake fluid;

a manifold block disposed 1n fluid communication with
said master cylinder block for supplying the brake fluid
from said master cylinder block to wheel brakes of the
vehicle:

a protrusion extending outwardly from a rear surface of
said master cylinder block to a terminal end;

said master cylinder block defining a channel extending
along a center axis 1nto said protrusion and spaced from
said terminal end;

a pressure supply umt coupled to said master cylinder
block and in fluid communication with said reservoir

tank for supplying the brake fluid from said reservoir
tank;
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said pressure supply unit including a housing defining a
chamber:

a displacement piston slidably disposed in said channel
and extending along said center axis between a primary
end and a secondary end with said primary end being
disposed 1n said chamber and said secondary end being
disposed 1n said channel;

an actuator disposed in said chamber and rotatably
coupled to said displacement piston for moving said
displacement piston along said center axis; and

a first anti-rotational member disposed in said channel and
coupled to said terminal end for engaging said second-
ary end of said displacement piston to prevent rotation
of said displacement piston and translate rotational
movement of said actuator into an axial movement.

12. The electro-hydraulic brake system accordingly to
claim 11 further including a second anti-rotational member
located between said actuator and said primary end of said
displacement piston to translate rotational movement of said
actuator mto an axial movement.

13. The electro-hydraulic brake system according to claim
11 wherein said first anti-rotational member includes a body
disposed 1n said channel, attached to said terminal end,
extending outwardly from said terminal end along said
center axis to a body end.

14. The electro-hydraulic brake system according to claim
13 further including a boss extending outwardly from said
terminal end and defining a recess for receiving said body.

15. The electro-hydraulic brake system according to claim
14 wherein said body includes a pair of projections extend-
ing radially outwardly from said body for engaging said
boss.

16. The electro-hydraulic brake system according to claim
15 wherein said boss defines a pair of slots disposed dia-
metrically opposite of one another for receiving said pro-
jections to prevent the rotation of said body.

17. The electro-hydraulic brake system according to claim
16 further including a pair of nubs extending radially
outwardly from said body end, opposite of one another and
perpendicular to said center axis to a pair of nub ends, for
engaging said displacement piston.

18. The electro-hydraulic brake system according to claim
17 further including a cap disposed on each one of said nub
ends for engaging said displacement piston.

19. The electro-hydraulic brake system according to claim
18 wherein said displacement piston defines a pair of
grooves, opposite and spaced of one another, extending from
said secondary end toward said primary end for receiving
said nub and said cap to prevent said displacement piston
from rotating about said center axis.

20. The electro-hydraulic brake system according to claim
19 wherein said displacement piston 1s disposed 1n a per-
pendicular relationship relative to a front surface of said
master cylinder block.
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